Winter rape farming practices were carried out between 2007 and 2009 on heavy soils under the conditions of the East Slovak Lowland. The influence of two levels of nitrogen fertilizers and three soil tillage technologies on winter rape seed yields was monitored. The costs of growing and the growing technology cost effectiveness were evaluated.
The influence of production year 2009 on winter rape seed yield was statistically significant. The effect of conventional tillage variant on rape seed yields was more significant compared with the variant with minimum tillage. The lowest yield of oilseed rape was obtained in a non-tillage variant. Higher dose of nitrogen fertilizers had higher statistically significant effect on winter rape yield compared with lower dose of nitrogen fertilizers.
The total cost of one ton of winter rape seed varied within the monitored years, different soil tillage technologies and levels of fertilization. In average of monitored years, the lowest costs of winter rape seed production were at minimum tillage (258.37 € t -1 for variant N 150 ; 259.81 € t -1 for variant N 200 ). At direct sowing, the costs were 400.14 € (variant N 150 ),and 372. 41 € (variant N 200 ), however, the yields were very low.
Economic effectiveness evaluation showed that the winter rape produced by direct sowing was unprofitable, either with or without subsidy. The highest economic effectiveness was achieved at the minimum tillage variant. This variant was profitable even without subsidies, using both fertilization levels, but it was more profitable at the lower level of nitrogen fertilization. The profitability of conventional tillage variant was smaller.
154 DOI: 10.2478/v10207-011-0016-x Agriculture (Poľnohospodárstvo), 57, 2011 (4): 154−165 The growing areas of winter rape in Slovakia have expanded in recent years. The production area of this registered commodity increased lately as no other area. Winter rape utilization in the food industry and the new extended bio-fuel branch contributes to this expansion. The winter rape has permanent place in soil-climate conditions of the East Slovak Lowland, where its proportion ranges from 14% to 17%. It is based on closeness of manufactory and favourable grain purchase price level area. Negative tendency, as published by Šrojtová (2002) , is a displacement of winter rape cultivation from marginal areas of the East Slovak Lowland to its plain parts with higher risk of rainfall deficiency during sowing. Conventional tillage for heavy soils, utilized in plain areas, has a high tendency to create clods including high risk of dry during soil preparation.
For these reasons, the minimizing methods of soil tillage are now used in greater scope for the most extreme type, namely the direct sowing into non-tilled soil. Direct sowing (no-till) was proven for winter wheat (Balla & Kotorová 2003) and for perennial fodder crops on arable land (Kováč & Gejguš 2002) . The significant production parameters were achieved by minimum tillage for spring barley (Danilovič & Šoltysová 2007) , grain maize (Hnát 2009 ) and legumes (Šariková & Hnát 2005) in comparison to the direct sowing.
Basic soil treatment for winter rape begins with forecrop harvest. The uniform distribution of post-harvest residues is important for the utilization of direct sowing and minimum tillage. The problem, which originates at the management of post-harvest residues, can impact the completeness of winter rape stand (Šařec et al. 2009 ). The essential precondition for stable high rape seed yields achievement requires complete stand with optimal amount of plants (Zubal 2003; Jambor 2007) .
From economic point of view the cultivation of winter rape is profitable when favourable realisation prices are in effect. But it is necessary to keep the seed yield per hectare at 3 ton level, also not to increase the cost of rape growing and to optimize growing technologies. It is possible to affect the economy of winter rape cultivation by optimizing the growing technologies.
By means of technical, organizational and technological measures it is possible to reduce the specific energy consumption in chosen technological procedures in order to increase economic effectiveness and so to improve quality of production and to reduce negative agricultural production impact on soil and environment (Syrový et al. 2008) . The strong energy and economy savings will be achieved by the implementation of energy saving operations, work and technological procedures. Similarly, according to Nozdrovický and Rataj (2001) , the costs consist of input prices which are not controlled by farmers (purchase price, rental, fees), but there are cost items which are controlled by farmers (amount of operations, set, doses, e.g.).
The aim of this contribution was the costs analysis and the evaluation of winter rape cultivation effectiveness with two levels of nitrogen nutrition and three tillage technologies on heavy soils of the East Slovak Lowland.
MATERIAL AND METHOD
Field experiments with different soil cultivation were carried out between 2006 and 2009 at experimental place in Milhostov, the unit of Plant Production Research Center Piešťany -Agroecology Research Institute Michalovce, on heavy Gleyic Fluvisol soil at the altitude of 101 m.
Gleyic Fluvisol (FM G ) in Milhostov is characterized as heavy, clay-loamy soils with average content of clay particles higher than 53%. Gleyic Fluvisol was formed on heavy alluvial sediments during the longtime contact with groundwater and surface. The topsoil has lump aggregate structure with high binding ability and it has a weak perviousness through the whole profile. A layer of dark grey/yellow grey clay is situated in the depth 0.7-0.8 m of soil profile. The agronomical The experimental locality is characterized as warm and very dry lowland continental climate region T 03 (Linkeš et al. 1996) . Weather conditions at the site in experimental years are shown in Figure 1 .
The study was realized in Milhostov in field stationary experiment with appropriate crop rotation. The winter wheat was a forecrop for winter rape in the rotation.
The stands of winter rape -cultivar Californium -were established with two levels of fertilisation:
-N 150 -150 kg ha -1 of nitrogen; -N 200 -200 kg ha -1 of nitrogen.
Seed rate of winter rape was 650 thousand germinated seeds. Average stand density was 50 plants per 1 m 2 .
Phosphorus and potassium doses were equal using both levels of nitrogen, namely P -50 kg ha -1 and K -150 kg ha -1 . Nitrogen was used as a form of ammophos (12.0% N) and ammonium nitrate (27.0% N). The phosphorus as ammophos (22.5% P) and potassium as potassium chloride (49.8% K) were used.
Three soil tillage technologies were examined as follows:
CT (conventional tillage) -stubble ploughing, ploughing, smoothing, harrowing and sowing by sowing machine Pneusej Accord; MT (minimum tillage) -stubble ploughing by skive cultivator, soil preparation by skive cultivator before sowing and sowing by sowing machine Pneusej Accord; NT (non-tillage) -direct sowing without ploughing by sowing machine Great Plains.
The harvest was realized by small-plot harvester. The yields of winter rape seeds were recalculated to 92% dry matter. The multi factorial analysis of variance ANOVA from statistical package STATGRAPH-ICS was used.
The norms with reference to Kavka (2006) and Abrham et al. (2007) The fixed costs consist of: -Fixed costs of energetic source and connected mechanisms (depreciation, taxes and fees, insurance, warehousing mechanisms, paid interest on capital) according to norms (Abrham et al. 2007 ).
The total production was calculated on base of real production for regional processor according to approved contract price.
Subsidy consists of real payments for concrete land-register (Milhostov), namely as unified payment per area (SAPS -Single Area Payment Scheme) and national complementary payments (CNDPs -Complementary Nation Direct Payments).
Economic effectiveness of production technologies was evaluated in accordance with methodology Poláčková et al. (2010) in two variants as follows:
The calculation of economic effectiveness without subsidy: 
RESULTS AND DISCUSSION

Seed yield
The seed yield of winter rape is the most important monitored parameter in the evaluation. The productive year with its meteorological factors had significant impact on final yield in monitored years 2007-2009 ( helped to that and stands of winter rape overwintered well. Due to heavy soil ability to retain water for a long time without rain, stand of winter rape withstood very warm and extremely dry weather from the end of March to mid May 2009. Heavy rains in second half of May and small temperature reduction caused massive yields increase compared to previous years. The highest yield during experimental period was achieved in that year using conventional variant with more intensive nitrogen fertilization (4.01 t ha -1 ) ( Table 1 ). The significant effect of weather on winter rape yield in conditions of the East Slovak Lowland was confirmed by Šrojtová (2005) . The effect of weather conditions is a crucial factor for rape seed yield formation. Also Jambor (2007) mentioned the extremely strong weather conditions impact on yield.
The highest yields of oilseed rape were achieved at variant with conventional tillage technology (Table  1) , at both levels of nitrogen fertilization. On the other hand, the lowest yields were obtained by direct sowing into unploughed soil. For the variant of direct sowing in year 2008, the lowest yield in absolute and relative values was achieved, when lower fertilization dosage, namely 1.46 t ha -1 was used. It represented 34.5% of yield using conventional tillage variant. The yield 1.77 t ha -1 was achieved for higher fertilization level and it reached 48.5% of conventional tillage variant. It is related to higher amount of post-harvest residues, which remained after forecrop in concrete year. At direct sowing (non-tillage variant) the rape seeds were not applied into adequate depth; they were not evenly distributed into the soil and also inhibiting effect of straw Šařec et al. (2009) and others, mentioned the problem with the management of post-harvest residues. Also our results from experiments with the usage of different tillage technologies resulted in higher average yields on these variants, where negative effect of straw on winter rape germination and its development was eliminated. From the analysis of variance (Table 2 ) it becomes clear that soil tillage has statistically significant effect on winter oilseed rape yield. The conventional tillage with the highest rape oilseed yield had statistically more significant effect on oilseed rape yield than minimum tillage variant and non-tillage variant which resulted in lower yields.
Higher intensity of nitrogen fertilization increased winter oilseed rape yield in all of observed years and at all soil tillage variants. Our results indicate the nitrogen fertilization dose 200 kg ha -1 had statistically more significant impact on yield than the nitrogen fertilization dose 150 kg ha -1 . The similar results published Kátai (2009 Kátai ( , 2010 , who increased the yield on hectare by increasing of nitrogen dose during winter rape experiments. But unlike our results, the production parameters accomplished on loosing and disking variant were higher than on ploughing variant.
Comparison of labour and diesel fuel consumption at soil tillage technologies
The detailed measures of individual soil tillage technologies per 1 ha for winter rape are described in Table 3 . For conventional soil tillage 19 measures were needed. On the other hand, only 14 measures were needed to be performed for minimum tillage and nontillage. The same number of measures for minimum tillage and non-tillage was due to the replacement of low-till (minimum tillage) by total herbicide application (non-tillage). There were marked human work costs savings by using non-tillage technologies. The labour requirement with 19 measures for conventional tillage was 9.40 hours. The 14 measures for minimum tillage took only 6.25 hours and for non-tillage (direct sowing) it represented 6.38 hours. Slightly shorter time was spent using minimum tillage (∆ = 0.13 hours). The reason for that was that the time for soil preparation by loosening (minimum tillage) was shorter than the time for total herbicide spraying and direct sowing. Significant savings were due to the use of diesel fuel. For conventional tillage on heavy soils it was 112.90 l of diesel fuel per hectare. This was caused by high fuel consumption for stubble breaking, ploughing and soil preparation before sowing. The diesel fuel con- ] for year [2007] [2008] [2009] sumption was decreased at minimum tillage down to near half (56.6 l) and by non-tillage down to over half (50.90 l). These savings are much higher than savings published by Šařec el al. (2009) , who observed 16.3% saving of diesel fuel by using minimum tillage against conventional ones and decrease of labour by 32.1%. Also Dobek (2005a) presents 20.69% saving of diesel fuel using minimum tillage against conventional tillage and decrease of labour by 43.13%. Table 4 . The individual year costs varied depending on wage increase and fuel price changes.
Measures costs
The average total costs of measures (Table 4) ing, loosening and ploughing. The highest item of work measure costs -76.72 € ha -1 -was oilseed rape yield harvest by combine harvester. The direct sowing average costs were 230.49 € ha -1 and they were by 7.69 € ha -1 less than minimum tillage costs. The highest costs (65.63 € ha -1 ) were also at pesticides application. In average the direct sowing on NT variant expended costs were 37.74 € ha -1 and it was more than at conventional (20.42 € ha -1 ) and at minimum technology (1.71 € ha -1 ). Dobek (2005b) obtained similar results by observation that the soil treatment costs using conventional tillage represented more than 50% of work measure costs and by using minimum tillage the highest cost item was the winter rape harvest by combined harvester.
The labour costs of soil tillage technologies are significantly less than other cost items. It is related to the observation presented by Buchta (2010) , that labour costs per employee in agriculture are the ones of the lowest among all the industries. At the same time, the average wage of agricultural manual workers represents 70% of the average wages of managers, technical workers and administrative workers.
Total costs
The total costs of winter rape cultivation are presented in Table 5 . During the observed years, the highest total costs per hectare were in year 2008. That is related to high material costs of that year, namely because of extreme increase of fertilizer prices and increased mechanized work costs, which were higher because of wage and mainly diesel fuel prices increase. The total costs per hectare were decreased down from 123.11-139.9 € ha -1 . Decrease of commercial fertilizers and diesel fuel prices in year 2009 caused total costs decrease down to between 123.11-139.90 € ha -1 compared to year 2008. Material costs had the highest impact on total costs; they represented more than 50% of total costs. Comparing the soil tillage technologies and nitrogen fertilizer in all of observed years, the lowest total costs were at minimum tillage. -1 while using conventional tillage and they were higher by 44.45 € ha -1 when using minimum tillage.
The total costs of 1 tone winter oilseed rape production were different with reference to particular years, soil tillage technologies and fertilization. Using average values of observed years, the lowest costs of oilseed rape production were with minimum tillage -258.37 € t -1 at variant N 150 and 259.81 € t -1 at variant N 200 . One tone of oilseed rape was produced for 400.14 € (N 150 ) resp. 372.41 € (N 200 ) at direct sowing variant, when the oilseed rape yields were very low. One tone of winter oilseed rape was produced extremely expensively in 2008 at this variant, namely 642.01 € (N 150 ) resp. 558.99 € (N 200 ).
In 2007 the average costs of winter rape cultivation in Slovakia were 816.44 € ha -1 (Kubanková & Burianová 2008) . These published costs were higher then the costs in our experiment in 2007 with minimum tillage, but lower than costs with conventional tillage experiment. It indicates lower intensity of winter rape cultivation in agricultural practise, which matches average yield per hectare 2.34 t ha -1 . In 2008 the winter rape cultivations costs increased to 962.16 € ha -1 for Slovak Republic. Our calculation in reference to our experiment in 2008 confirmed this increase. Comparing to Slovak average values, lower costs in our experiment were achieved with minimum tillage and direct sowing with lower nitrogen dose. The Slovak average cost of one tone winter rape seed was 331.77 € t -1 in mentioned year. In our experiment, one tone of rape was produced with lower costs at minimum tillage and conventional tillage as well.
Economic efficiency of production
Average economic efficiency of winter rape cultivation of years 2007-2009 is presented in Table 6 . An average realisation price of winter oilseed rape during three experimental years was 305.67 € ha -1 . The winter rape cultivation by direct sowing technology was unprofitable, even with the subsidy. It was the effect of very low hectare yields reached with this technology. The winter oilseed rape yield at level 2.27 t ha -1 at N 150 , resp. 2.42 t ha -1 at N 200 would be sufficient at non-tillage variant to reach null profitability of costs with subsidy 151.66 € ha -1 . The highest economic efficiency was determined for minimum tillage variant. This variant was profitable also without subsidy and at both fertilizer. The profit 309.50 € ha -1 was reached on this variant at lower nitrogen fertilizer with subsidy and profit 309.10 € ha -1 at higher nitrogen fertilizer. The variant with lower level of nitrogen fertilizer was more profitable and profitability of costs per hectare with subsidy reached 37.55%. The conventional variant was less profitable. The profit at this variant with subsidy was 175.05 € ha -1 (at N 150 ), resp. 211.12 € ha -1 (at N 200 ). Unlike non-tillage variant, at conventional tillage, higher profitability per hectare (20.31%) was attained using higher nitrogen fertilization level, compared to 17.59% while using lower fertilisation level. Serenčéš et al. (2009) and Ďuričová and Chrastinová (2010) found out strong dependence between subsidies and farming results. Based on long-term analyses the winter rape cultivation without subsidies with existing intensity is uneconomic. Only producers with yields over 3 t ha -1 will be competitive in the future of world market liberalisation.
CONCLUSIONS
From the results obtained between 2007 and 2009 we make the following statements about the cost and economic effectiveness analysis of the winter rape production technologies on heavy soils.
The production year, conventional tillage and level of nitrogen fertilization had statistically significant effect on winter oilseed rape yield.
Labour and diesel fuel consumption were significantly lower at minimum tillage and non-tillage technologies in comparison with conventional tillage. The differences for labour requirements for different soil tillage were as follows: ∆ CT -MT = 3.15 hours per hectare, ∆ CT -NT = 3.02 hours per hectare. The consumption of diesel fuel for minimum tillage was 56.3 litres per hectare, which was lower in comparison with conventional tillage. For non-tillage it was 62.0 litres per hectare.
Costs for measures in observed years changed in line with the wages and fuel prices progress. The highest costs for measures were determined in year 2008 when fuel prices markedly increased. In average the highest costs were ascertained for conventional tillage (409.22 € per hectare), then followed minimum tillage (238.18 € per hectare) and non-tillage with direct sowing (230.49 € per hectare).
The fertilizers and pesticides costs were the highest items among total costs. In average of years 2007-2009 the costs for fertilizers reached 58.66% up to 64.28% from total costs. The costs of pesticides were in range between 27.97%-33.40% from the total costs.
The total costs for production of 1 ton of winter oilseed rape yield varied in individual years, at soil tillage technologies and levels of nitrogen fertilizer. In average of observed years the lowest total costs for production of winter oilseed rape were at minimum tillage and that was 258.37 € per ton (variant N 150 ) and 259.81 € per ton (variant N 200 ). Very low yields of winter oilseed rape were reached at direct sowing variant and the production of 1 ton of seeds cost 400.14 € on variant N 150 and for 372.41 € on variant N 200 .
Economic effectiveness of winter rape production depends on the price of seed. Variant with minimum tillage was most profitable at both fertilization levels, namely with subsidies (309.50 € ha -1 on variant N 150 resp. 309.10 € ha . Economic effectiveness of winter rape production depends on realization price of its seed yield. The variant of minimum tillage was the most profitable at both fertilization levels, either with or without subsidy. Lower profit was noticed for conventional tillage. Production of winter rape on heavy soils by non-tillage with direct sowing is economically ineffective due to our obtained yields.
